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INTRODUCTION
The use of pre-lab assignments that encourage students to prepare for a laboratory classroom session are a commonly used teaching technique to help alleviate the problem of students showing up for lab under-prepared to participate in the laboratory sessions, leading to decreased learning (3) . Peteroy-Kelly created two online modules for use in a teaching laboratory that dramatically increased student performance. Although there is literature indicating that students who take courses online perform similarly to those enrolled in laboratory courses (2) and research showing that students who write essays on computers do not perform as well as those who handwrite essays (4), a search of The Education Resources Information Center (ERIC) and the Journal of Microbiology & Biology Education ( JMBE) found no studies comparing the effect of students handwriting pre-labs versus completing online pre-lab assessments. Like many universities, Colorado State University biology laboratory courses often have enrollments upwards of 30 to 50 students. Moving the pre-laboratory assessments online would therefore have a large impact on the time and graduate teaching resources required to teach these larger laboratory courses. However, we were concerned that changing to online assessments and eliminating the weekly writing of pre-labs might lead to a deterioration of students' writing skills that would be reflected on course examinations (which are entirely written, no multiple choice) or weekly laboratory reports.
PROCEDURE
Colorado State University's senior level Virology and Cell Culture laboratory course, like many university science laboratory courses, routinely has an enrollment of 30 or more students. In a semester, students were completing 17 prelabs requiring them to calculate dilutions, analyze fabricated experimental data, predict and explain expected results, as well as explain the rationale for experimental design based on descriptions of the assays from their lab manual. These questions were mostly at higher Bloom's levels and were designed to meet the course objective of teaching students to interpret data. For many years this was done by providing students questions in their lab manual. Students were required to complete these questions before lab periods and turn them in at the beginning of lab. There were many issues with this system: first and foremost grading these pre-labs, which often have over 20 questions, was incredibly time consuming, requiring many hours of teaching assistant time. As the teaching assistants were also grading weekly and often lengthy laboratory reports, they were routinely grading two or more written assessments each week. Furthermore, students often started lab with misconceptions that were not corrected until the teaching assistant was able to grade and return the pre-lab. Studies show that students prefer immediate feedback, even if it means it is computer generated, which they feel they benefit from more than written feedback provided at a later date (1) . Lastly, to control costs to the students, the lab manual was printed in black and white, prohibiting the inclusion of images of experiments requiring color interpretations (such as ELISA assays) in pre-lab assessment. However, images of all assays performed in the course were available for students on the course website for use in answering pre-laboratory questions. To address these concerns in 2013, 17 online pre-lab assessments were created using our learning management system, Blackboard. Questions were created based on the questions provided in the lab manual, which students were instructed to use to prepare for, and consult during, the online assessments. Although a small percentage of questions were designed to make sure students knew what equipment, dilutions, solutions, etc. would be required for the lab session (Bloom's level 1 or 2), all pre-labs required students to predict results based on data similar to the types they would be generating during their lab exercises (Bloom's level 3 or 4). Virology requires a great deal of math to perform dilutions and to determine tissue culture infectious dose (TCID 50 ), multiplicity of infection (MOI), concentrations of virus, culture cells, and neutralizing antibodies. Students often struggle with this math, and all pre-labs required students to practice this math using novel data. Students were allowed to take each assessment three times, and they were told which questions they missed but were not given the correct answer. Their highest score was recorded. Questions referring to images of data were added, allowing students to practice data interpretation. For example, images of hemagglutination inhibition assays are shown and students must make conclusions about the likelihood of a virus causing a current outbreak based on the data. These questions were in direct alignment with the learning objectives of the course, and were reflective of the way they would be assessed on examinations, although never identical.
Scores on examinations and written laboratory reports were compared for two semesters where pre-labs were handwritten (2011 and 2012) or completed online (2013 and 2014) ( Table 1 ). No obvious difference was seen in pre-lab scores, lab report scores, or examinations.
CONCLUSION
When exam scores, lab report scores, and pre-lab assessment scores were compared across four years with two years each using either written or online prelaboratory assessments, no obvious difference was noted in exam scores on any of the three midterms, written final exam, nor the practical exam, with similar scores and standard deviations being observed in all years. All examinations except the practical were handwritten, with no multiple-choice questions, and were graded by the author. Although the midterms were different each time, the final practical and written exams were exactly the same in all four semesters and hence represent a direct comparison. Neither was there an obvious difference in the quality of the laboratory reports turned in, as evidenced by similar average scores and standard deviations, over four years, graded by three different teaching assistants. These results indicate that using online pre-labs to prepare students for laboratory sessions leads to learning equivalent to answering handwritten pre-lab assignments and does not result in a decrease in the quality of written expression. This may indicate that the pre-lab assessments were not helping students learn to articulate their scientific knowledge as efficiently as the laboratory reports. On the other hand, giving students immediate feedback about their comprehension may allow students to come to lab with a better understanding of the material, compensating for the reduced opportunities to practice scientific writing (1) . It is also possible that the 22 written lab reports provided a sufficient number of writing assignments to achieve writing proficiency. Although creating online assessments involved a significant time commitment and a great deal of evaluation and modification over time, online pre-labs significantly reduced the amount of grading, without reducing student learning and or writing ability, allowing a reduction in the number of teaching assistants required per section. Once established and modified based on student feedback, online pre-labs required very little time of the instructor and teaching assistants.
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